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PRINTED CIRCUIT BOARD ROUTING AND POWER DELIVERY 
FOR HIGH FREQUENCY INTEGRATED CIRCUITS 

BACKGROUND 

The invention generally relates to printed circuit board routing and power delivery for 
high frequency integrated circuits. 

Referring to Fig. 1, a typical printed circuit board (PCB) 5 includes various 
conductive layers and a substrate, or core 12, that supports circuit components (mounted to 
the PCB 5) and the conductive layers of the PCB 5. As an example, in a four layer PCB 
configuration, two of the four layers may be located one side (called a "top side" for purposes 
of simplifying the discussion) of the core 12, and two layers maybe located on the opposite, 

bottom side of the core 12. 

As a more specific example, the PCB 5 depicted in Fig. 1 has four conductive layers, 
or is a "four layer PCB," that includes such layers as a top signal layer 8, a layer that includes 
etched out conductive traces to route various communication signals that are associated with 
components that are mounted to the PCB 5 above the layer 8. The PCB 5 also includes a 
supply voltage plane layer 10 that is located between the signal layer 8 and the top side of the 
core 12. As its name implies, the supply voltage plane layer 10 provides a supply voltage to 
the various components that are mounted to the PCB 5, and like all layers beneath it, the layer 
10 may be accessed by vertically extending vias (not shown). On the bottom side of the core 
12, the PCB 5 includes a ground plane layer 14 that is located next to the core 12 and serves 
as a ground connection for the components that are mounted to the PCB 5. Adjacent to the 
ground plane layer 14 and forming the bottom layer of the PCB 5 is another signal layer 16 
that, similar to the top signal layer 8, communicate various communication signals that are 
associated with components that are mounted to the PCB 5. All the above-described 
conductive layers of the PCB 5 are electrically isolated from each other via insulating layers 
20. 

Thus, in the PCB 5, the supply voltage plane 10 and ground plane 14 layers are 
separated by the relatively thick core 12 (as compared to the thickness of any of the 
conductive layers of the PCB 5), an arrangement that may introduce significant parasitic 
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inductance. In this manner, when an electrical signal propagates along a trace on either the 
top 8 or bottom 16 signal layers, a return current is established to "close the loop" and make 
the net current flow equal to zero. This return current path selects the path of least resistance 
to flow in, and thus, the return current path tends to be routed through the ground plane layer 
14. For an electrical signal propagating along a trace on the bottom signal layer 16, this is 
desirable because the return current path that is established is approximately the thickness of 
one of the insulating layers 20 (i.e., the thickness between the ground 14 and the bottom 
signal layer 16) to establish a relatively small parasitic inductance. 

However, in contrast, for an electrical signal that propagates along the top signal layer 
8, the return current loop is significantly larger due to the thickness of the intervening core 
12. As an example, the effective inductance experienced along the path of the return current 
for a signal propagating along the top signal layer 8 may be about ten times the effective 
inductance than the inductance experienced by a signal propagating along the bottom signal 
layer 16. Such large inductances for signals of the top signal layer 8 may present challenges 
for a PCB design to be used with high frequency components, i.e., the components that are 
most susceptible to these large inductances. 

Thus, there is continuing need for an arrangement to address one or more of the 
problems that are stated above. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a schematic diagram of a side view of a printed circuit board of the prior art. 

Fig. 2 is an exploded schematic side view of a printed circuit board according to an 
embodiment of the invention. 

Fig. 3 is a schematic top view of the printed circuit board of Fig. 2 according to an 
embodiment of the invention. 

Figs. 4 and 5 are schematic diagrams depicting different layers of the printed circuit 
board according to an embodiment of the invention. 

Figs. 6 and 7 are top views of layers of the printed circuit board according to an 
embodiment of the invention. 
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DETAILED DESCRIPTION 
Referring to Fig. 2, an embodiment 30 of a printed circuit board (PCB) 30 in 
accordance with the invention is constructed to minimize the degree of noise that the PCB 30 
induces on high frequency signals that propagate across the PCB 30. In particular, the PCB 
30 includes a top signal layer 34 that includes embedded supply voltage planes 46 (one 
embedded supply voltage plane 46 being depicted in Fig. 2) and an adjacent supply voltage 
plane layer 36 that is located below the layer 34 and includes embedded ground planes 70 
(one embedded ground plane 70 being depicted in Fig. 2). As described below, each high 
frequency component that is mounted on the top side of the PCB 30 is located near and is 
coupled to one embedded supply voltage plane 46 and one embedded ground plane 70 for 
purposes of minimizing inductances that may otherwise be introduced by the PCB 30. 
Although a four layer PCB is described, the arrangements described herein are not limited to 
four layer PCBs and thus, may be applied to other multiple layer PCBs, such as six and eight 
layer PCBs, for example. 

Thus, due to this arrangement, the current return paths for signals propagating in the 
top signal layer 34 do not pass through the relatively thick (as compared to the conductive 
layers) substrate, or core 37 of the PCB 30. Therefore, parasitic inductances otherwise 
induced by the PCB 30 are minimized. Furthermore, as described below, due to this 
arrangement, a low-noise, high quality and highly-decoupled path between a supply voltage 
and a particular die pad may be created. 

More particularly, in general, the top signal layer 34 includes a signal region 44 that 
includes traces to communicate various non-supply voltage related signals. The supply 
voltage planes 46 are surrounded by this region 44, and each supply voltage plane 46 is 
associated with and located near supply voltage pins 52 of a particular associated high 
frequency component (such as the component 50) for purposes of providing a supply voltage 
to the component 50. As described below, in some embodiments of the invention, each 
supply voltage plane 46 has an outer boundary that is generally established by the supply 
voltage pins 52 of the associated component 50 so that the pins 52 vertically extend into the 
associated plane 56 near the plane's outer periphery. 

For each high frequency component that is mounted to the top side of the PCB 30, the 
supply voltage plane layer 36 includes an associated embedded ground plane 70. In this 


manner, the supply voltage plane layer 36 generally includes a region 72 to communicate a 
supply voltage to components of the PCB 30. The ground plane(s) 70 of the PCB 30 are 
surrounded by this region 72. In some embodiments of the invention, each ground plane 70 
has a boundary that is generally defined by the locations of ground vias 39 that extend from 
the signal trace region 44 of the top layer 34 to the ground plane 70 for purposes of 
establishing a return current path for an electrical device (resistor or capacitor, for example) 
that is connected to the high frequency component 50. For example, an electrical device 53 
may be connected between an electrical trace 45 that extends to a pin 54 of the component 50 
and the via 39. The ground plane 70 is generally larger in size than the associated supply 
voltage plane 46, is located directly beneath and separated by only one of the insulating layers 
20 from the associated supply voltage plane 46. In some embodiments of the invention, the 
ground plane 70 circumscribes the projection of the supply voltage plane 46 onto the supply 

voltage plane layer 36. 

In some embodiments of the invention, each supply voltage plane 46 is coupled to the 
region 72 of the supply voltage plane layer 36 by way of an inductive element 80 (a ferrite 
bead inductor, for example) that has one terminal that is coupled to the embedded supply 
voltage plane 46. The other terminal of the inductive element 80 is coupled to a signal trace 
49 (in the signal communication region 44 of the signal layer 34) that couples the inductive 
element 80 to a via 73. The via 73 vertically extends to connect the region 46 (of the supply 
voltage layer 36) to the inductive element 80 and thus, couple the region 72 to the supply 
voltage plane 46. 

Each ground plane 70 is coupled to a ground plane layer 38 (of the PCB 30) by way of 
a via 45 that vertically extends between the ground plane 70 and the ground plane layer 38. 
The ground plane layer 38 is located next to the substrate 39 on the opposite side of the 
substrate 39 from the layers 34 and 36. 

Among other possible layers of the PCB 30, the PCB 30 may include at least one 
additional signal layer, such as a signal layer 40 that may form the bottom layer of the PCB 
30, for example. 

As a more specific example of the relationship of a particular high frequency 
component 50 to the associated embedded supply voltage plane 46 and embedded ground 
plane 70, Fig. 3 depicts a schematic top view of the PCB 30 near the high frequency 


component 50. In other embodiments of the invention, the component 50 may have a 
different shape (a square shape, as an example) and may have supply voltage pins that are not 
necessarily located near its four corners. Furthermore, the component 50, in some 
embodiments of the invention, may have a package, such as ball grid package (for example), 

5 that does not use the die pads that are depicted in Fig. 3. 

As shown in Fig. 3, for this example, the component 50 includes supply voltage pins 
52 that are located near the four corners of the generally rectangular (from the top view) 
component 50. The supply voltage pins 52 extend vertically into the embedded supply 
voltage plane 46, and as shown, the associated embedded supply voltage plane 46 extends 
10 beneath the main body of the component 50 and extends inside the signal pins 57 of the 

component 50. The outer periphery of the supply voltage plane 46 extends closely around the 

^ ground pins 54 of the component 50 and extends from underneath the main body of the 

*0 component 50 to allow the supply voltage pins 52 to extend downwardly to contact the 

yj supply voltage plane 46. 

l£\ The ground plane 70 extends a sufficient distance about the component 50 so that the 

W ground vias 39 may extend downwardly to make electrical connections with the ground plane 
« 70. As depicted in Fig. 3, a signal trace 81 extends from an inductive element 80 to the via 
73 extends beyond the embedded ground plane 70 and into the region 72 of the supply 
voltage plane layer 36. 

Fig. 4 depicts a more specific example of the signal layer 34 in accordance with an 
embodiment of the invention. The signal layer region 44 (i.e., the region in Fig. 4 other than 
the supply voltage plane 46) includes pads 98 for mechanically and electrically connecting 
the pins of the component 50 to the PCB 30 using solder connections between the pins and 
the pads 98. The pads 98 in this example are generally arranged in two parallel rows, and the 
25 embedded supply voltage region 46 extends between these two parallel rows of pads 98. 

Other arrangements/organizations are possible for the pads 98, in other embodiments of the 
invention. 

As depicted in Fig. 4, the signal layer region 44 also includes signal traces 45 a that 
are used to communicate signals between the component 50 and other components mounted 
30 to the PCB 30. The signal layer region 44 also includes signal traces 45b that are connected 
to the vias 39 (not shown in Fig. 4) that extend to the embedded ground region 70 of the layer 
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36 as well as possibly extend to the ground layer 38. 

Fig. 5 depicts a more specific example of the supply voltage plane layer 36 in 
accordance with an embodiment of the invention. Also depicted in Fig. 5 is a projection 100 
of the component 50 on the layer 36. As shown, the ground plane 70 surrounds a region 
around the projection 100 to allow vias to extend from all high frequency signal traces 
associated with the component 50 to the embedded ground plane 70. Part of the region 72 (of 
the layer 36), which surrounds the embedded ground plane 70, is also depicted in Fig. 5. 

Referring to Figs. 6 and 7, the layers of the PCB 30 have been discussed in 
association with a particular high frequency component 50. However, the PCB 30 may have 
more than one high frequency component, and thus, the PCB 30 may have multiple 
embedded supply voltage planes 46 within a top signal layer 34a. Corresponding to the 
signal layer 34a, the supply voltage plane layer 36 includes embedded ground planes 70, each 
of which is associated with and larger than a corresponding one of the embedded supply 
voltage planes 46. 

Although the various embodiments have been described herein using orientational 
terms, such as "top," "bottom," etc., such orientations are used for purposes of simplifying 
discussion of these embodiments and are not necessary to practice the invention. 

While the invention has been disclosed with respect to a limited number of 
embodiments, those skilled in the art, having the benefit of this disclosure, will appreciate 
numerous modifications and variations therefrom. It is intended that the appended claims 
cover all such modifications and variations as fall within the true spirit and scope of the 
invention. 


